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Intravenously injected syngeneic thymus cells are less efficient than the same 
number of spleen cells in reducing the lymphocyte deficit, preventing the wast- 
ing  syndrome,  and  restoring  the  impaired  immunological  responses  of  neo- 
natally thymectomized mice (1-5).  This apparent paradox led  us  to  investi- 
gate  the possibility that  the  injected cells differed in  efficiency because they 
reached different destinations within the lymphoid organs of the thymectomized 
recipients. 
The  destinations  of  comparable numbers  of  syngeneic  thymus  and  spleen 
cells,  labeled  in  vitro  with  tritiated  adenosine  and  injected  into  neonatally 
thymectolnized C3H/Bi and Fl(C57BL  X  C3H/Bi) mice, were determined by 
autoradiography. A  dose of 30 million cells was selected because previous ex- 
periments had  shown that  this number of spleen cells would  restore the  im- 
munological competence of thymectomized recipients but the same number of 
thymus cells would be without effect (3). In the course of the autoradiographic 
investigations  described  below  specific areas  of severe lymphocyte depletion 
were defined within the spleen and  lymph nodes  of the  neonatally  thymecto- 
mized animals and termed "thymus-dependent areas". These findings were con- 
firmed using additional groups of thymectomized and intact, but otherwise un- 
treated, inbred and hybrid mice. 
Materials and Methods 
Animals.--Inbred  C3H/Bi and F1 (C57BL X  C3H/Bi) mice  were thymectomized within 
24 hr of birth using anesthesia produced by cooling (6). Whenever practicable some  littermates 
were left intact.  Completeness of thymectomy was checked postmortem and by histological 
examination of the mediastinal region. 
Preparation of Labded Cell Suspensions.--Spleen or thymus tissue removed from intact 
syngeneic donors aged 8 to 10 wk was chopped into large pieces and dissociated in a syringe 
containing versene buffer. The cells were centrifuged at 1500 g, counted in a Neubauer hemo- 
cytometer, resuspended at a concentration of l0  s cells/ml in 5 ml of the same buffer containing 
10 #c tritiated adenosine/ml (specific  activity 1.07 c/m~; Radiochemical Center, Amersham, 
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England), and incubated for 1 hr at 37°C. After incubation  the cel]s were washed thoroughly, 
twice with versene buffer, and once  with isotonic saline, and recounted. 
Injection of Labeled Cell Suspensions.--Laheled cells, resuspended in isotonic saline, were 
injected slowly  into the right femoral vein of thymectomized or intact C3H/Bi & F1 (C57BL X 
C3H/Bi)  mice anesthetized with Avertin. Alternate littermates were given 3 X  107 thymus 
or spleen cells/mouse in a volume of 0.15 ml and were killed 15 min, 1 hr 15 min, 5 to 6 In-, 
24 hr, and 62 hr later. 
Histology.--Sections of the lungs, liver, spleen, mesenteric and inguinal lymph nodes, and 
thymus  (where available) of thymectomized or intact C3H/Bi and F1 (C57BL X  C3H/Bi) 
mice were cut routinely at 5/z and stained with hematoxylin and eosin or methyl green- 
pyronin (Unna Pappenheim). 
The same organs of mice which had received isotopic.ally labeled cell suspensions were 
fixed in formal saline, embedded in paraffin wax, and sectioned at 3 #. The mounted sections 
were coated with photographic emulsion (Ilford K 5) by the "dipping" technique of Kopriwa 
and Leblond (7), stored at 4°C for 4 wk, and stained through the emulsion with methyl green- 
pyronin after  development. 
Smears of the isotopically labeled thymus and spleen inocula were fixed in methyl alcohol 
and stained with Giemsa after development. 
RESULTS 
Histological Findings in Thymectomized and Intact C3H/Bi and F1 
(C57BL X  C3H/Bi) Mice 
Histological material was obtained from 55 thymectomized and 39 intact C3H/Bi 
mice aged 2 to 9 wk (including  20 thymectomized and 11 intact animals used for auto- 
radiographic studies)  and 50 thymectomized and 30 intact F1 (C57BL  ×  C3H/Bi) 
hybrids of  the  same age.  Both healthy and wasting thymectomized mice were  ex- 
amined. The general histological picture of the lymphoid organs of  the neonatally 
thymectomized C3H/Bi mice has been described previously (3) but for the purpose of 
these investigations  detailed data from the inbred and hybrid mice are considered to- 
gether. 
Spleen.--With one important exception, there was little to distinguish the spleens 
of neonataUy thymectomized and intact mice less than 6 wk old. Their organs were 
initially (birth to 3 wk) composed of myelopoietic and erythropoietic cells with reticu- 
lar cells and a few primary follicles located around the central arterioles. As the ani- 
mals aged from 3 to 7 wk the lymphoid follicles increased in number and size and active 
germinal centers developed (Figs. 1 a and 1 b). However, in the thymectomized mice of 
this age,  clearly delineated areas  of  severe lymphocytic depletion, the  thymus-de- 
pendent areas, were seen within the follicles and immediately surrounding the central 
arterioles (Text-fig. 1; Figs. 2 a and 2 b) and the large, pale-stained, nucleated, reticu- 
lar cells became more prominent by contrast. These thymus-dependent  areas were evi- 
dent in the youngest (3 wk) of the thymectomized mice examined as well as in the older 
healthy or wasting animals. 
If the thymectomized mice survived for more than 6 to 7 wk, the follicles became 
smaller and the germinal centers fewer and less active. It was, moreover, no longer easy 
to distinguish the thymus-dependent areas in sections stained with hematoxylin-eosin 
but, if methyl green-pyronin  was used, it became obvious that the areas had been re- 
populated by rapidly dividing pyroninophilic  cells (Figs. 3 a and 3 b). The majority of D.  ~f.  V.  PARROTT~ M.  A.  B.  DE  SOUSA~ AND  J.  EAST  193 
these were immature plasma cells identified by a paranuclear halo in the ample cyto- 
plasm, a nucleus with clumped chromatin, and a prominent central nucleolus. Other 
ceils having a large round nucleus with delicate chromatin, one or two less distinct 
nucleoli, and only a thin rim of cytoplasm were also seen, particularly in C3H/Bi mice. 
These pyroninophilic cells  could proliferate to cover the entire white pulp. The re- 
population occurred mainly in wasting thymectomized mice but was also seen in some 
healthy animals of this age. 
The amount of red pulp varied in relation to the white pulp. In some thymectomized 
mice it occupied a relatively greater space, in others it was normal in extent. Plasma 
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"I~_~T-~o, 1. Diagram of a spleen folUcle of a neonatally ~ectomized  mouse showing 
ger~!  center ~e) and ~ymus-dependent area (tda) surrounding central arteriole (ca). 
cells  were  always  present  in  the  red  pulp  of  the  thymectomized  mice  and 
showed marked proliferative activity in the older animals. 
Granulomatous lesions, giant cells, and large macrophages containing nuclear debris, 
were also noted in the spleens of some healthy and many wasting thymectomized mice. 
These changes are associated with the presence of an hepatotrophic virus MHV-1 (8) 
and are usually, although not invariably, accompanied by macroscopic liver lesions. 
The lesions were present in both the white and the red pulp and had no particular re- 
lation to the thymus-dependent areas. 
Lymph Nodes.--Aggregates of lymphocytes appeared  in  the  mesenteric  and  in- 
guinal lymph nodes of both intact and thymectomized mice during the 2nd wk after 
birth. During the succeeding 7 wk the nodes of the intact mice developed progressively 
to comprise an outer cortical zone containing primary and secondary lymphoid nod- 
ules, mid and deep cortical zones of reticular cells and lymphocytes, and a medullary 
region with sinuses lined by lymphocytes and plasma cells (Fig. 4). Postcapillary ven- 
ules with walls of cuboidal endothelial cells, surrounded by and containing numerous 194  TItY~US-DEPENDENT AREAS IN  LYMPHOID ORGANS 
lymphocytes, were prominent in the mid and deep cortex (Fig. 5).  Some primary and 
secondary lymphoid follicles also developed in the outer cortex of thymectomized mice 
aged 2 to 7 wk but the remainder of the mid and deep cortex, with the exception of a 
narrow band adjoining the medulla, was greatly depleted of lymphocytes (Text-fig. 2; 
Fig. 6.), and the postcapillary venules were thin-walled and empty (Fig. 7). This is the 
thymus-dependent area of the lymph node which is presumably equivalent to the areas 
around the central arterioles within the splenic follicles. 
The medullary region of 6-wk-old thymectomized mice was normal but, in animals 
surviving beyond 6  to  7  wk,  immature plasma cells proliferated in the medullary 
cords and seemed to replace the narrow remaining band of lymphocytes at the cortico- 
medullary junction and encroach upon the depleted areas of the mid cortex. Occasion- 
TExT-FIG. 2. Diagram of a lymph node of a  neonatally thymectomized mouse showing 
follicles with germinal centers (gc) in outer cortex,  the thymus-dependent area (tda) in the 
mid and deep cortex, and the medullary region (reed). 
ally they covered the entire cortex. Few primary and secondary follicles remained in 
the outer cortex of thymectomized mice of this age. 
Lesions attributable to the 'virus MHV-1 were also seen in the cortex of the lymph 
nodes. 
Autoradiographic  Studies  on Thymectomized and Intact Mice 
Inocula of isotopically labeled cells were injected intravenously into 20  thymec- 
tomized and 11 intact, anesthetized, C3H/Bi mice aged 37 to 50 days, and 4 thymec- 
tomized Fl(C57BL X  C3H/Bi) hybrids aged 44 days. Members of at least two differ- 
ent litters were killed at each time interval. 
Labeling of Inocula.--More than 90 %  of all thymus and spleen cells were labeled 
after incubation in vitro with tritiated adenosine for 1 hr. The thymus suspensions con- 
tained large and small lymphocytes in almost equal proportions but the former were 
more heavily labeled. The constituent cells of the spleen inocula were more diverse. Ap- 
proximately 20% of tightly labeled cells were myeloid in  character,  10%  were  very 
large, heavily labeled blast cells, and 70% were lymphocytes of various sizes which 
labeled with varying intensity. 
The Destination  of Isotopically Labeled Thymus and Spleen  Cells in 
C3H/Bi Mice 
The total number of labeled cells in longitudinal sections of spleens selected at ran- 
dom from thymectomized and intact recipients was counted at a magnification of 400. D.  M.  V.  PARROT%  M.  A.  B.  DE  SOUSA~  AND  J.  EAST  195 
The counts represent the relative distribution of such cells in the red pulp, the peri- 
follicular area, and the follicles, but they cannot be related directly to the number of 
cells injected. There was good correlation between counts made on different sections 
of the same organ and reasonable agreement in the data obtained from different mice 
TABLE I 
Destination of HS-Adenosine-Labeled Thymus and Spleen Celts in the Spleen of 
Thymeaomized  and Intact C3H/Bi Mice 
Time after 
injection 
hr  ~in 
0  15 
1  15 
5-6 
24 
62 
0  15 
1  15 
5-6 
i  I 
24 
62 
Inoculum 
Thymus cells 
Spleen cells 
No. of mice 
1  Thymectomized 
1 Intact 
2 Thymectomized 
3 Thymectomized 
1 Intact 
3 Thymectomized 
2 Intact 
1 Thymectomlzed 
1 Thymectomized 
1 Intact 
2 Thymectomlzed 
2 Thymectomized 
3 Intact 
3 Thymectomized 
2 Intact 
2 Thyraectomized 
o 
2 
3 
4 
12 
1 
8 
3 
1 
No. of  labeled  cells 
Red pulp  Perifollic- 
ular area 
Folficles 
Thymus- 
Periphery  dependent 
are&~ 
87, 133  21, 30  0, 0  0, 0 
96, 91, 90  38, 68, 72  0,0,0  0,0,0 
3,0,2,1  61,10,12,2  5,0,0,0  0,0,0,0 
1 (0-3)  0  I  (0-3)  2 0-10) 
0  1  2  9 
1 (0-4)  0  8  (0-16)  St  (18-90) 
0, 0, 0  0, 0, 0  2, 8, 38  20, 42, 120 
0  2  9  145 
1,0,0,0  0,1,2,0  0,0,0,0  0,0,0,0 
1, 5, 1, 1  7, 6, 0, 1  0, 3, 0, 0  0, 0, 0, 0 
8  (1-24)  I  (0-1)  i  (0-2)  1 (0-1) 
4, 5, 4  0, 2, 0  99, 67, 38  47, 49,  22 
7, 13, 22  0, 2, 4  56, 188, 113  22, 140,113 
1, 16, 2  1, 1, 0  176, 349, 54  63, 90, 24 
0, 9  0, 5  224, 425  38, 97 
6, 14  6, 11  258, 239  90, 116 
* The mean number and range  of labeled cells counted is indicated when more than 4 
sections were scanned. 
:~ Thymus-dependent areas estimated in intact mice  by comparison with  thymectomized 
mice. 
killed at the same time after injection. This applied to both thymectomized and intact 
mice although, in the latter, the region corresponding to the thymus-dependent area 
could only be estimated and with particular difficulty in large follicles in which the 
central arteriole was branched. Sections of lymph nodes were not easy to orientate and 
the distribution of labeled cells was more uneven than in the spleen. Thus, one section 
could be devoid of label while succeeding sections contained 20 or more labeled cells. 
Destination in the Spleen.--(Table I) Many labeled thymus cells were seen in the 196  ~S-DEPENDENT  AREAS IN  LYMPHOID  ORGANS 
TABLE II 
Destination of ttS-Adenosine-Labded Thymus and Spleen Cdls in the Mesenteric Lymph Nodes 
of Thymectomised and Intact C3H/Bi Mice 
Time after 
injection 
~r 
0 
1 
5-6 
24 
62 
0 
1 
5-6 
24 
62 
Inoculum 
Thymus cells 
tg  [¢ 
¢lg  gg 
Spleen cells 
No. of mice 
No. of labeled ceils 
o 
'4- 
~  Medulla 
Thymus-  and cor  tico- 
"~ ~  Outer cortex  dependent 
6  8  area  medullary 
1 Thymectomized  1  0 
1 Intact  1  0 
2 Thymectomized  6  0 
3 Thymectomlzed  17  0 
1 Intact  1  0 
2 Thymectomized  5  0 
2 Intact  2  0,0 
1 Thymectom/zed  3  0, 0, 0 
lIntact  4  0,0,0,0 
2 Thymectomized  10  0 
2 Thymectomized  8  1 (0-1) 
3 Intact  7  1 (0-1) 
3 Thymectomized  8  4 (0-21) 
2Intact  4  8,1,18,0 
2 Thymectomized  2  12, 13 
junction 
1 
1 
I  (0-2) 
1  (0-7) 
0 
4 (0-9) 
1, 19 
0, 0, 0 
0, 0, 0, 0 
1 
0 
1 (0-2) 
1  (0-4) 
0 
0 
0, 0 
0, 0, 0 
0, 0, 0, 0 
2 (o-n)  1 (o-4) 
5 (0-17)  1 (0-1) 
8 (3-14)  2 (0-5) 
10 (o-52)  1 (o-2) 
8, 9, 22, 72  2,0,8,0 
27, 34  1, 6 
* The mean number and range of labeled cells counted is indicated  when more than 4 
sections were scanned. 
splenic red pulp (Fig. 8) and in the perifollicular zones (Fig. 9) of both thymectomized 
and intact animals killed 15 min after injection and whilst still anesthetized, but none 
had localized in the follicles. The two types of labeled thymus cells were readily dis- 
tinguished in the sinusoids. By contrast very few labeled spleen cells had accumulated 
in any part of the spleen at this time. I hr later the total population of injected thymus 
ceils had decreased, although a few appeared within the periphery of the follicle of one 
thymectomized recipient. Labeled spleen ceils were now present in the red pulp but 
only in small numbers. By 5 to 6 hr after injection  very few thymus cells were identified 
in any of the 13 sections scanned but large numbers of spleen cells were at the periph- 
ery and in the thymus-dependent  areas of the follicles. D.  M.  V.  PARROTT,  M.  A.  B.  DE SOUSA,  AND  •.  EAST  197 
TABLE III 
Destination of H3-Adenosine-Labded Thymus and Spleen Calls in the Inguinal  Lymph Nodes 
of Thymectomized and Intact C3tt/Bi Mice 
Time after 
injection 
1 
5-6 
hr  rain 
0  15 
15 
24 
15 
15 
62 
0 
1 
5-6 
24 
62 
Inoculum 
Thymus cells 
gg  gg 
Spleen cells 
c~  C~ 
cc  ~c 
No. of mice 
1 Thymectomized 
1 Intact 
1 Thymectomized 
3 Thymectomized 
1 Intact 
3 Thymectomized 
2 Intact 
I  Thymectomized 
1 Thymectomized 
2 Thymectomized 
1 Thymectomized 
3 Intact 
2 Tbymectomized 
1 Intact 
1 Thymectomized 
No. of labeled cells 
.0 
1 
1 
7 
17 
10 
7 
7 
3 
5 
10 
9 
6 
9 
5 
1 
Outer cortex 
0 
0 
0 
0 
0 
1 (0-1) 
0 
O, 0,0 
0 
0 
0 
1 (0-1) 
2 (0-2) 
1 (o_2) 
8 
Thymus- 
dependent 
area 
0 
0 
0 
0 
0 
2 (0-4) 
s (o-13) 
12, 12, 12 
1 (0-1) 
0 
1 (O-2) 
2 (0--6) 
i (0-2) 
2 (0-5) 
6 
Medulla 
and cortico- 
medullary 
junction 
0 
0 
0 
0 
0 
1 (0-1) 
0 
0, 0, 16 
0 
0 
0 
1 (0-1) 
1 (0-1) 
0 
0 
* The mean number and range of labeled cells counted is indicated when more than 4 
sections were scanned. 
At 24 to 62 hr thymus cells reappeared in the spleen but they now favoured the 
thymus-dependent areas, often clustering in large numbers around the central arte- 
rioles (Fig. 10) rather than at the periphery of the follicles. Approximately the same 
number of labeled spleen cells was found in the thymus-dependent  areas but, in addi- 
tion, many more were at the follicle periphery (Fig. 11). The red pulp and perifoUicular 
zones were relatively deserted at these times but contained more spleen than thymus 
cells. 
Destination in Lymph Nodes.--(Tables II and III) Far fewer labeled ceils were 
identified in the lymph nodes than in the spleen. Although more cells appeared in the 
mesenteric than in the inguinal nodes and at an earlier time, the number of cells in 
both organs increased progressively. Most of the thymus cells and the majority of the 198  THYMTJS-DEPENDENT AREAS IN LYM~PHOID ORGANS 
spleen cells localized preferentially in the thymus-dependent area many of them in, or 
in close proximity to, the postcapillary venules (Figs. 5 and 7). A few labeled spleen 
ceils also penetrated to the outer cortical zones and into the primary nodules and small 
numbers of both thymus and spleen cells were found at the corticomeduUary junction 
and in the medulla, particularly in the mesenteric nodes. 
Destination  in Thymus.--Labeled  thymus or spleen cells were rarely seen in the 
thymus of intact recipients at any time after injection. 
Destination in Lungs and Liver.--Fairly large numbers of both thymus and spleen 
ceils were identified in sections of lungs and liver 15 rain, and 1 hr 15 rain after injec- 
tion but not subsequently. 
The Destination of Isotopically Labeled Thymus and Spleen Cells in 
Fl(C57BL X  C3tt/Bi) Mice 
Of 4 neonatally thymectomized hybrid mice injected with syngeneic lymphoid cells. 
2 were given labeled thymus ceils and two labeled spleen ceils. They were killed 24 hr 
later and the distribution of the labeled cells in the spleen was very similar to that al- 
ready described for C3H/Bi mice. 
DISCUSSION 
The  specific areas  of lymphocyte depletion,  the  thymus-dependent areas, 
which have been delineated in the spleen and lymph nodes of neonatally thy- 
mectomized mice, are most clearly defined $ to 7 wk after operation but they 
also appear in the spleen 3 months after thymectomy at weaning (9) and persist 
throughout life (10). They are roughly comparable to the depleted areas found 
in intact rats subjected to prolonged drainage of the thoracic duct lymph (11). 
Recirculadon of lymphocytes from the blood to the lymph is now an estab- 
lished fact (12). Since there is a marked lymphocyte deficit in the blood of neo- 
natally thymectomized mice (1, 13) and in the thoracic duct lymph of rats thy- 
mectomized when 6 to 8 days old (14), we assume that the primary effect of 
thymectomy is upon the migratory or circulatory lymphocyte population which 
Caffrey et al. (15) have called the "mobilizable lymphocyte pool". It was, there- 
fore, very satisfactory to find that intravenously injected thymus cells, labeled 
in vitro with trifiated adenosine, localized preferentially in the thymus-depend- 
ent areas of the spleen and lymph nodes of the neonatally thymectomized ani- 
mals.  In  this  respect  they  behaved  very  similarly  to  isotopically-labeled 
thoracic duct lymphocytes infused into intact rats (16). 
The injected spleen and thymus cells, like the thoracic duct lymphocytes of 
the intact rats, apparently crossed the walls of the postcapillary venules to enter 
the lymph nodes of both the thymectomized and intact mice. However, their 
portal of entry into the white pulp of the spleen is less easy to envisage as it 
seems physiologically unlikely that  the labeled cells issued from the  central 
arterioles within the lymphoid follicles. Their prompt appearance in the red pulp 
suggested  that  the  cells  migrated  across  this  region,  a  route  indicated  by D.  M.  V.  PARROTT,  M.  A.  B.  DE  SOUSA,  AND  J.  EAST  199 
Fichtelius  (17),  but this may have no more significance  than  the early and 
transient  accumulation of the cells trapped in the liver and lungs.  Although 
thymus cells reached the red pulp more quickly and in greater numbers than 
spleen cells, more of the latter were ultimately found in the follicles. It may be 
that lymphoid cells normally enter the spleen by a direct route, comparable to 
the postcapillary venules in the lymph nodes, but as yet unknown. 
The complete disappearance of the thymus cells from the spleen 5 to 6 hr 
after injection and their reappearance  at 24 hr  requires  an  explanation,  the 
most reasonable being that they were recirculating  in the interim.  Obviously 
both types of cells could have recirculated many times during the period of the 
experiments as the time schedules  do not enable us to build up a  sequential 
picture of their progress but only provide evidence of their presence or absence 
at isolated moments of time. It may, however, be relevant that Everett et al. 
(18) found a small but significant  proportion of thymocytes labeled with triti- 
ated thymidine in the spleen  and the thoracic duct lymph of rats 4 hr after 
intravenous injection. 
The number of labeled cells in the white pulp of the spleen and in the lymph 
nodes increased gradually and progressively but the spleen appeared to be the 
favourite target for both types of cells. Many more (2 to 10 times) spleen cells 
than thymus cells entered the lymphoid tissues and there were also marked dif- 
ferences in their relative distribution within the organs. These differences could 
account for the relatively greater efficiency of spleen cells in restoring neonatally 
thymectomized  mice  to  normality  but  their  immunological  significance  is 
difficult to understand. 
We and others have found that the initial development of lymphoid follicles 
can proceed in the absence of the thymus and that proliferation of plasma and 
reticnlum cells is unrestricted by neonatal thymectomy (1, 3, 13, 19, 20). Some 
consideration  must,  therefore,  be given to  the possibility that  the  ultimate 
diminution or disappearance of the lymphoid follicles and the repopulation of 
the thymus~dependent areas with pyroninophilic cells are secondary or indirect 
effects of neonatal thymectomy. It is known that the latent hepatotrophic virus 
MHV-1 is activated by removing  the  thymus at  birth  (8)  and  Hirano  and 
Ruebner (21) have recently reported lymphocyte destruction followed by pyro- 
ninophilia in intact mice infected with MHV-3. Thus, the presence of such a 
virus could intensify the lymphocyte depletion camed by neonatal thymectomy. 
The origin of the rapidly dividing pyroninophilic cells which repopulated the 
thymus-dependent areas is unknown. They may represent an attempt  to  re- 
duce a severe lymphocyte deficit, albeit with the wrong type of cell, analogous 
to the situation in which the total blood leukocyte population is maintained by 
a polymorphonuclearcytosis (1, 13). The pyroninophilic cells could, under these 
circumstances,  originate from the hyperplastic proliferation of existing  clones 
of  cells,  an  hypothesis  already  discussed  in  previous publications  (22,  23). 200  THYMUS-DEPENDENT  AREAS  IN  LYMPHOID  ORGANS 
Various authors have also described the appearance of pyroninophilic blast cells 
and a subsequent proliferation of plasma cells in the lymphoid organs of intact 
animals responding to antigenic stimuli such as BGG, horse  GG, and para- 
typhoid-B (24-27). These initial reactions occurred in areas directly comparable 
to the thymus-dependent areas and the plasma cells were presumed to derive 
from small lymphocytes. However, Gowans (28),  and Porter et al. (29) have 
shown that injected small lymphocytes from thoracic duct lymph transform, 
not into plasma cells, but into large pyroninophilic lymphoid cells in these same 
areas after initiation of F1 hybrid disease in rats and secondary disease in rab- 
bits. Burwell (30)  too has described similar changes in rabbits rejecting bone 
grafts. Such large pyroninophilic lymphoid cells do not have a secretory endo- 
plasmic reticulum (31). In our experiments the majority of the pyronin-stained 
cells which appeared in areas specifically depleted of lymphocytes were imma- 
ture or mature plasma cells only a very few were large pyroninophilic lymphoid 
cells. It is possible, therefore, that the plasma ceils of the thymectomized mice 
arose in situ, conceivably from reticulum cells, under continual antigenic stimu- 
lus from an unknown source although the germinal centres showed no sign of 
proliferative activity and ultimately disappeared. This problem is now being 
investigated in more detail. 
We  interpret  our  results  as  indicating that  the  normal thymus produces 
throughout life, but particularly in the neonatal period, large numbers of cells 
which contribute directly to the "mobilizable pool" of lymphocytes. The results 
suggest that there also exists another system primarily responsible for produc- 
tion of the plasma cell series, comparable to the Bursa of Fabricius in chickens, 
but as yet unidentified in mammals (32). Nevertheless, these two systems func- 
tion synergistically so  that diminution or absence of the  thymus-dependent 
population of lymphocytes will cause aberrant activity of the plasma cell series. 
The thymus may thus, directly or indirectly, control the balance of cell popula- 
tions within the  body  a  conclusion which  receives  additional s~tpport  from 
recent studies using the "autoimmune" strain of New Zealand Black mice (33). 
SLTMMARy 
Specific areas of lymphocyte depletion, termed thymus-dependent areas, have 
been delineated in neonatally thymectomized C3H/Bi and F1 (C57BL X  C3H/ 
Bi) mice. They occur within the lymphoid follicles of the spleen immediately 
surrounding the central arterioles, and constitute the mid and deep cortical 
zones of the lymph nodes. These depleted areas appear in healthy thymecto- 
mized mice as early as 3 wk after operation but, in mice which survive for more 
than 6 to 7 wk, the thymus-dependent areas are repopulated by rapidly di- 
viding pyroninophilic cells, the majority of which are immature plasma cells. 
Syngeneic thymus cells,  labeled in  vitro  with  tritiated adenosine localize 
preferentially in the thymus-dependent areas after intravenous injection. Simi- D.  M.  V.  PARROT,  ~.  A.  B.  DE  SOUSA,  AND  J.  EAST  201 
larly labeled spleen cells also accumulate in these areas but, in addition,  are 
distributed at the periphery of splenic follicles and in the outer cortical zone of 
the lymph nodes.  Many more spleen than thymus cells enter the lymphoid 
tissues and the spleen appears to be the primary target. 
The  apparent paradox that  syngeneic thymus cells are less  efficient than 
spleen cells in restoring neonatally thymectomized mice to normality is dis- 
cussed in the light of these results and possible routes by which the migrating 
cells could enter the lymphoid tissues are considered. The origin of the plasma 
cells which repopulate the lymphocyte depleted areas is also discussed. 
It is concluded that the normal thymus produces cells which contribute di- 
rectly to the migratory or circulatory lymphocyte population but that  there 
also exists another source of supply for the plasma cell series. These two systems 
may function synergistically so that the thymus may control, directly or in- 
directly, the balance of cell populations within the body. 
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EXPLANATIONS  OF PLATES 
PLATE 33 
FIGS. 1 a and 1 b.  Spleen follicle of an intact F1 (C57BL  ×  C3H/Bi) mouse aged 
49 days. 
Fla. 1 a.  The follicle contains an eccentric germinal center and numerous lympho- 
cytes packed around the central arteriole. Hematoxylin-eosin. X  180. 
FIG. 1 b.  Area immediately surrounding the central arteriole seen at higher mag- 
nification. Note the abundant aggregations of lymphocytes and a few reticular cells. 
Hematoxylin-eosin.  ×  720. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  123  PLATE 33 
(Parrott et al.: Thymus-dependent areas in lymphoid organs) PLATE 34 
FIGS.  2 a  and  2 b.  Spleen  follicle  of  a  neonatally thymectomized  wasting  F1 
(C57BL X  C3H/Bi) mouse aged 49 days. 
F1G. 2 a.  The pale depleted thymus-dependent area is clearly defined around  the 
central arteriole. Hematoxylin-eosin. X  180. 
FIG. 2 b.  Thymus-dependent area seen at higher magnification. Note  the marked 
lymphocyte depletion and persistent reticular cells. Hematoxylin-eosin. ×  612. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  123  PLATE 34 
(Parrott et al.: Thymus-dependent areas in lymphoid organs) PLATE 35 
FIGS.  3 a  and  3 b.  Spleen  follicle  of  a  neonatally  thymectomized  wasting  F~ 
(C57BL X C3H/Bi) mouse aged 54 days. 
FIo. 3 a.  The thymus-dependent area is repopulated. Hematoxylin-eosin. X  180. 
FIG. 3 b.  The thymus-dependent area is seen at higher magnification to be repopu- 
[ated by pyroninophilic  cells the majority of which are immature plasma cells. Methyl 
green-pyronin. X  760. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  123  PLATE 35 
(Parrott  et al. : Thymus-dependent areas in lymphoid organs) P~-AT~ 36 
FIG. 4.  Inguinal lymph node of an intact C3H/Bi mouse aged 46 days showing 
primary and secondary follicles in the outer cortex and lymphocytes evenly distributed 
throughout the mid and deep cortex. Hematoxylin-eosin. X 40. 
FIG. 5.  Postcapillary venule of the lymph node shown in Fig. 4. The venule has a 
high  endothelial wall and many small lymphocytes in the lumen. Note one adjacent 
H3-adenosine-labeled thymus cell 24 hr after intravenous injection. Methyl green-py- 
ronin X  1590. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  123  PLATE 36 
(Parrott et al.: Thymus-dependent areas in lymphoid organs) PLATE 37 
FIG. 6.  Inguinal lymph node of a neonatally thymectomized C3H/Bi mouse aged 
44 days showing primary and secondary follicles in the outer cortex but lymphocyte 
depletion of  the mid and deep cortex (thymus-dependent area). Hematoxylin-eosin. 
X  76. 
Fro. 7.  Postcapillary venule (pcv) of the lymph node shown in Fig. 6. The venule is 
collapsed; the endothelial cells are flattened and no lymphocytes are present in the 
lumen. Note the adjacent H3-adenosine  labeled thymus cells 24 hr after intravenous 
injection. Methyl green-pyronin. ×  1120. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  123  PLATE 37 
(Parrott et al.: Thymus-dependent areas in lymphoid organs) PLATE 38 
FIC. 8.  Spleen  of  a  neonatally  thymectomized  healthy  C3H/Bi  mouse  showing 
H3-adenosine-labeled thymus cells in the red pulp 15 min after intravenous injection. 
Methyl green-pyronin.  ×  1220. 
FIG. 9.  H3-adenosine-labeled thymus  cells in  the perifollicular area of the  spleen 
shown in Fig. 8. Methyl green-pyronin. X  135. THE  JOIIRNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  123  PRATE 38 
(Parrott et al.: Thymus-dependent areas in lymphoid organs) PLATE 39 
FIG. 10.  Spleen  follicle of  a  neonatally  thymectomized  healthy  C3H/Bi  mouse 
aged 45 days showing Ha-adenosine-labelled  thymus cells clustering around the central 
arteriole (ca)  in the thymus-dependent area 24 hr after intravenous injection. Methyl 
green  pyronin.  X  900. 
Fzc. 11.  Spleen follicle of a neonatally thymectomized healthy C3H/Bi mouse aged 
45 days showing H3-adenosine-labeled spleen cells distributed at the periphery of the 
follicle 24 hr after intravenous injection.  Central arteriole (ca). Methyl green-pyronin. 
X  760. THE JOURNAL OF EXPERIMENTAL MEDICINE VOL.  123  PLATE 39 
(Parrott et al.: Thymus-dependent areas in lymphoid organs) 